Although tracheal stents, balloon dilatation, photodynamic therapy, and neodymium yttrium aluminum garnet laser have been used to manage various types of tracheal diseases, [1] [2] [3] [4] tracheal resection and primary anastomosis are still recommended to treat tracheal lesions of some etiologies. [5] [6] [7] [8] [9] As a senior thoracic surgeon, I have 40-year experience of tracheal surgery. Data of the last 30 years are available for sharing my personal experience. To evaluate the outcome of tracheoplasty, the medical records, surgical methods, and mid-term results of tracheoplasty from the past 30 years were reviewed.
PATIENTS AND METHODS
From July 1988 to June 2018, 91 adults with various tracheal diseases underwent tracheoplasty. In the same period, 16 pediatric patients also underwent tracheoplasty and another 29 patients with advanced diseases directly underwent laryngotracheal resection with permanent tracheostomy. All procedures were performed by the author. The algorithm for the management of adult tracheal diseases is shown in Figure 1 . The present study focused on the tracheoplasty of 91 adults (46 men and 45 women) ranging in age from 18 to 81 years (average, 50.5 years). Tracheal diseases were divided into two categories. Category 1 was not related to neoplasm and included posttracheostomy or postintubation tracheal stenosis, caustic tracheal stricture, tuberculous tracheal stenosis, and congenital tracheal stenosis. Of 63 patients in Category 1, the associated diseases were cerebrovascular accident in 24 (38.1%), caustic injury in 9 (14.3%), tuberculosis in 8 (12.7%), head injury in 8 (12.7%), multiple injuries in 4 (6.3%), drug intoxication in 3 (4.8%), and others of 7 (11.1%). Category 2 was related to neoplasm and included tracheal neoplasm, tracheal invasion by thyroid cancer, and tracheal invasion by esophageal cancer. In these eight esophageal cancer patients, four had severe airway obstruction, three had intraoperative findings of tracheal invasion, and the other one had tracheo-esophageal fistula. Tracheal neoplasms included adenoid cystic carcinoma of 3, and each one of squamous cell carcinoma, squamous papilloma, chondroma, and glomus tumor.
Preoperative evaluation
Computed tomographic (CT) images of the chest were obtained to define the length of the tracheal lesion and to assess the nature of the disease or extent of the tumors. The location of tracheal lesions was also identified, such as the neck, cervicothoracic junction, or intrathorax. Flexible bronchoscopy and three-dimensional imaging of the trachea were performed to evaluate the extent of the tracheal lesions. Rigid bronchoscopy was also used preoperatively for detection and dilatation in patients with posttracheostomy and postintubation tracheal stenosis.
Airway management and anesthesia
Close cooperation between anesthesiologists and surgeons is essential to maintain a patent airway perioperatively. Anesthesia was induced using inhalation anesthetics and sedatives, whereas muscle relaxants were excluded. The endotracheal tube was selected to cope with airway narrowing. In dyspneic patients under local anesthesia, a tracheal opening was made beyond the lesion. Typically, a 5-mm nonkinking endotracheal tube is used through this opening for tracheal surgery. At anastomosis, we exchanged this nonkinking tube for a 7.5-mm endotracheal tube. The endotracheal tube was removed in the operating room or on postoperative day 2 or 3.
Choice of surgical procedures
The following surgical procedures were selected based on the tracheal disease being treated [ Figure 2 ]. • Segmental resection of the trachea followed by end-to-end anastomosis: This surgical technique is appropriate for tracheal resection of less than half of the total tracheal length and is commonly used in patients with a granulomatous narrowing and neoplasm occupying most of the tracheal circumference • Telescopic anastomosis following a middle split of thyroid-cricoid cartilage: Since 2011, in the surgical treatment of subglottic stenosis, I have performed telescopic anastomosis following a middle split of thyroid-cricoid cartilage [ Figure 3 ] • Spiral tracheoplasty: Since 2008, I have used this technique to treat tangential tracheal lesions located at the cervicothoracic junction [ Figure 4 ] • Slide tracheoplasty: This technique has been commonly used to correct tracheal stenosis presented with normal tracheal mucosa, particularly in the surgical management of patients with congenital tracheal stenosis.
Surgical considerations
Collar incision, either alone or combined with partial sternotomy, is typically performed to treat tracheal diseases in the neck and at the cervicothoracic junction. Complete sternotomy or right thoracotomy was performed for lesions at the middle or distal thoracic trachea. To treat combined stenosis of the trachea and right or left main bronchus, a trans-pericardial approach was employed. Mobilization of the trachea was performed using the procedures of laryngeal and intrathoracic release. A simple tying of the first knot usually ensures that a tracheal anastomosis would be tension free. To prevent postoperative kinking of the esophagus, typically 1.5-2 cm of both tracheal ends is separated from the esophagus before tracheal anastomosis. An interrupted monofilament absorbable suture 1-0 or 2-0 (Maxon, Davis and Geck, Wayne, NJ, USA) is preferred for tracheal anastomosis. Anteflexion of the neck was maintained using a suture when a tracheal resection of >2 cm was performed.
Associated surgical procedures
A total of 35 patients required associated surgical procedures to be conducted in addition to tracheoplasty. Thirteen patients with thyroid cancer invasion underwent total thyroidectomy either previously (n = 1) or simultaneously with tracheoplasty (n = 12). Of nine patients with caustic stricture, seven underwent esophageal reconstruction previously or simultaneously. Seven patients with tracheal invasion by esophageal cancer underwent esophagectomy and esophageal reconstruction simultaneously. Of eight patients with tracheal tuberculosis, two underwent sleeve resection of the right main bronchus and one patient underwent sleeve resection of the left main bronchus simultaneous with tracheoplasty.
Postoperative management
Following each operation, bronchoscopy was performed through the endotracheal tube for tracheal toilet. More frequent bronchoscopic examinations were required when the patient's cough was ineffective or when a hypoventilated lung was evident. Oral intake was typically allowed on postoperative day 3. Neck anteflexion was maintained using the chin temporarily sutured to the chest for 1 week postoperatively. In tuberculous patients, anti-tuberculous drugs were administered for at least 6 months.
Management of anastomotic leaks or restenosis
We closely monitored wound drainage in the 91 patients. Anastomotic leaks could be detected if air or sputum was evacuated through the Penrose drain. Re-anastomosis was performed when mild leaks occurred. Tracheostomy or insertion of a tracheal T-tube or tracheal stent was considered if severe anastomotic leaks or restenosis occurred.
Assessment of surgical results
This study evaluated only the mid-term results of tracheoplasty and not oncological results. The follow-up period was 2 months to 10 years, with an average of 3 years. The surgical mid-term results were recognized as good if the voice was preserved and normal breaths were achieved or as a failure if the patient required tracheostomy or a tracheal T-tube or stent insertion.
Statistical analysis
The study variables were summarized using descriptive statistics. Continuous variables were presented as mean and standard error and were compared using the Student's t-test. Categorical variables were presented as frequency counts, and intergroup correlations were performed using the Chi-square test. P <0.05 was considered statistically significant. Statistical analysis was performed using the Statistical analysis was performed using SPSS Statistics (version 22, IBM Corp., Armonk, NY, USA).
Ethical approval
The study was conducted in accordance with the Declaration of Helsinki and was approved by the local ethics committee of the institute. Informed written consent was obtained from all patients prior to their enrollment in this study.
RESULTS
In patients with tracheal stenosis, the mean length of the tracheal resection was 3 cm (range: 1.5-6.5 cm). Three patients required re-anastomosis. Results of tracheoplasty are shown in Table 1 . A 24-year-old girl with postintubation tracheal stenosis died of brain infarction on postoperative day 19. Of these two category diseases, gender and age of these patients were similar (P = 0.605 and P = 0.126, respectively). usually yields favorable results. [18] In the present series, only five of twenty patients with subglottic stenosis underwent this new surgical technique, but we hope more patients will derive benefits from it in future. Compared with cricoid-tracheal resection, this procedure can preserve the cricoid cartilage and surrounding tissue to ensure a firm and secure laryngotracheal anastomosis and less injury to the recurrent laryngeal nerves. In the surgical treatment of tuberculous tracheal stenosis, we administered anti-tuberculous drugs for at least 6 months after the operation to prevent the recurrence of tuberculosis. Congenital tracheal stenosis is commonly caused by vascular anomalies, of which complete vascular rings are the most often encountered. Innominate arterial compression, pulmonary arterial sling, and miscellaneous anomalies may also occur. Angiograms or CT is used to confirm the diagnosis of pulmonary arterial sling. A pulmonary arterial sling is a rare anomaly, and the respiratory distress usually appears in the neonatal period.
In this presenting series of 91 adults, only one patient with pulmonary arterial sling was encountered. Slide tracheoplasty is suitable for tracheal stenosis with healthy mucosa. This surgical technique is performed by dividing the stenosis at midpoint, incising the proximal and distal narrowed segments vertically on the opposite anterior and posterior surfaces, and sliding these together. [19] The stenotic segment is shortened by half, the circumference is doubled, and the lumen becomes cross section. In the early period of this series, esophageal cancer with tracheal invasion was aggressively resected but has now shifted to neoadjuvant chemotherapy. I first reported spiral tracheoplasty in 2009. This surgical technique is a suitable alternative when a tracheal tangential lesion is at the cervicothoracic junction. [20] Segmental resection is commonly performed in patients with noncongenital tracheal stenosis or tumor circumferential involvement Table 2 ]. Four (4.4%) patients had re-stenosis. A total of 16 failed cases of tracheoplasty required that a tracheal T-tube (n = 13) or stent (n = 1) be inserted or required tracheostomy (n = 2). Of these 16 patients, 15 (93.8%) belonged to Category 1. The causes of surgical failure and managements are listed in Table 3 . They were typically severe anastomotic leaks, regrowth of granulation, subglottic involvement, and comorbidities. There was no tumor recurrence of the airway in the Category-2 patients.
DISCUSSION
Tracheal diseases should be carefully evaluated. [5] Primary anastomosis of the trachea is typically considered after resection of the diseased tissue. If tension at the anastomotic site exists, the anastomosis may tear and separate, causing scar tissue to form and stenosis to occur. Tracheal mobilization, tension-relieving sutures, and head-neck immobilization are usually conducted to prevent anastomotic leaks. [10] [11] [12] Posttracheostomy and postintubation tracheal stenosis remain the common conditions requiring tracheoplasty. [5, 7] Surgery for subglottic stenosis usually involves risk of injury to the vocal cords and recurrent laryngeal nerves. Some studies have developed different surgical techniques for managing subglottic stenosis. [13] [14] [15] [16] [17] Early in my practice, restenosis of the subglottis occurred frequently. To solve this problem, I developed a novel technique involving a telescopic anastomosis following middle split of thyroid-cricoid cartilage. A nongraft surgical procedure is not affected by graft necrosis or displacement and of the trachea. A tracheostomy should be avoided when the patient intends to undergo tracheoplasty. Suitable candidates for resection of tracheal lesions have been young patients with localized middle or lower tracheal lesion, patients who offer good performance, and who are cooperative. Contraindications for the resection of tracheal stenosis are major associated diseases as well as patients who are bedridden, unconscious, emaciated, elderly, uncooperative, and have long-segment strictures.
Resecting a long-segment trachea >3 cm is a challenge because a greater number of anastomotic complications will occur in longer resections. [11] In the series, I never used extracorporeal membrane oxygenation during tracheal reconstruction. Considering the better results of Category 2, two reasons should be mentioned. The first one: failures of tracheoplasty in Category 1 are usually attributed to the long-segment damage of tracheal mucosa and cartilage, nonhealthy tissue at the subglottis, or comorbidities. The second one, the Category 2 did not include the patients whose tumor involving the vocal cords. Based on my experiences, tracheal surgery is a safe procedure for patients who are carefully selected for the procedure.
CONCLUSIONS
Careful evaluation and correct procedure can yield favorable results when performing tracheoplasty.
Our study showed that tracheal diseases related to neoplasm presented more favorable mid-term results with tracheoplasty because these patients were highly selected.
